We have previously characterized a tobacco cDNA encoding a novel type RNA-binding protein (RZ-1), which contains a zinc finger motif in addition to a consensus sequence-type RNA-binding domain and is localized in the nucleus. Here we isolated its genomic clone from a Nicotiana sylvestris genomic. library. Southern blot analysis suggested that RZ-1 is coded for by a single locus per haploid genome. Comparison of the cDNA and genoraic sequences indicated that the RZ-1 gene contains two introns, one in the coding region and another in the 3'-untranslated region. RT-PCR and ribonuclease protection analyses showed that splicing of RZ-1 pre-mRNA occurs efficiently. The RZ-1 protein is actively synthesized in rapidly dividing tobacco cells, as demonstrated by immunoblot analysis.
Introduction
A number of proteins involved in RNA processing belong to a class of RNA-binding proteins which contain one or more conserved domains of ca. 80 amino acids, termed the consensus sequence-type RNA-binding domain (CS-RBD).
1 CS-RBD includes a highly conserved octamer sequence (ribonucleoprotein consensus sequence, RNP-CS) near its center and a less well conserved hexamer sequence (RNP-2) towards its N-terminus, and is the minimal structure needed for RNA-binding. 1 ' 2 In plants, RNA-binding proteins containing CS-RBDs have been isolated and characterized from tobacco chloroplasts for the first time. 3 Recently, a cDNA encoding a novel type of RNAbinding protein (termed RZ-1) containing a zinc finger motif in addition to CS-RBD has been isolated from tobacco cells. 4 The RZ-1 protein consists of a single CS-RBD, arginine/aspartic acid (RD) repeats and a glycinerich C-terminal region with a CCHC zinc finger motif in this order (see Fig. 2 ), and is associated with a large ribonucleoprotein particle in the nucleoplasm of tobacco cells. Here we present the isolation and characterization of the tobacco nuclear gene encoding RZ-1. This gene contains, unexpectedly, a short intron in its 3'-untranslated region (UTR).
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Materials and Methods

Southern blot analysis
The preparation of tobacco (Nicotiana sylvestris) nuclear DNA and Southern blot analysis were performed as described. 5 Ten micrograms each of the DNA was digested to completion with given restriction enzymes, separated in 0.8% agarose gels and transferred to Hybond-N nylon membrane (Amersham, Buckinghamshire, UK). The RZ-1 cDNA probe was labeled with [a-32 P]dCTP (50 /xCi) by the random primer labeling method. Stringent wash was conducted at 65°C in 0.2 x SSPE containing 0.1% SDS.
Gene isolation and computer analysis
Positive clones were isolated from a N. sylvestris leaf genomic library constructed in A Dash 6 using the RZ-1 cDNA 4 labeled with 32 P. The insert from one of the clones was digested with restriction enzymes EcoRl, Hindi and Sac I, and 1.0-kb EcoRl, 1.9-kb Hindi and 0.8-kb Sac I fragments were subcloned in Bluescript II KS(+) and sequenced on both strands using a DNA sequencer (ABI 373A) and Dye primer sequencing kit (Applied Biosystems, Mountain View, CA). Computer analysis was done by using Genetyx Ver. 8 (SDC).
RT-PCR analysis
Total RNA was isolated from N. sylvestris leaves and tobacco (N. tabacum) cultured BY-2 cells as described, (TaKaRa, Takara Shuzo, Kyoto) according to the instruction manual. cDNAs were synthesized from total RNA preparations (5 /xg each) using primer P2 for analysis of the first intron and primer P4 for the second intron (see Fig. 4A ). PCR amplification was then performed using the synthesized cDNA as a template, and primers P1/P2 for analysis of the first intron and primers P3/P4 for the second intron. The parameters used were 5 min of denaturation at 95° C followed by 30 cycles of 1 min at 94°C, 1 min at 58°C and 1 min at 72°C. PCR products were electrophoresed in 6% polyacrylamide -8.3 M urea gels and detected by ethidium bromide staining. Primers used were; PI: 5'-ATGGCAGATGATGAATATCGC-3' (positions +1 to +21) P2: 5'-CCAAATCCACGAGATCGGCCAGAG-3'
(positions +902 to +879) P3: 5'-TCGAGCTGGCTGATGCTTTAA-3' (positions +1370 to +L390) P4: 5'-GCCAGGGAAACAGCACCAAGTAGAC-3'
(positions +1561 to +1537)
2.4-Ribonuclease protection assay
The 135-bp Xho l-Sac I fragment containing the 3' coding region and the adjacent 3'-UTR was excised from the RZ-1 cDNA and subcloned into Bluescript II. The resultant plasmid was linearlized with Xho I and used as template for the synthesis of an antisense RNA probe with T7 polymerase as reported previously. 7 The 145-nt antisense RNA probe (1.5 x 10 5 cpm, 10 extra nt were from Bluescript) was incubated with total BY-2 cell RNA (20 fig each) at 42°C after 5 min of denaturation at 95° C. Ribonuclease protection assay was performed using RPAII kit (Ambion) according to the manufacturer's manual.
Immunoblot analysis
Total protein was prepared from BY-2 cells as described. 8 The protein (10 /ig each) was separated in a 0.1% SDS-12% polyacrylamide gel, and RZ-1 was detected using anti-RZ-1 antibodies and ECL western blotting analysis system (Amersham) as described. 
Results and Discussion
The RZ-1 gene
We previously isolated and characterized the N. sylvestris cDNA encoding RNA-binding protein RZ-1. We then isolated a genomic clone (ANSGRZ1) from an TV. sylvestris A genomic library by using the RZ-1 cDNA. A 2.8-kbp portion (from an EcoRl site to a Sac I site) encoding RZ-1 was subcloned and sequenced from the genomic DNA insert of ~ 15 kbp (Fig. 2) . Comparison of this sequence and the eDNA sequence previously reported 4 indicates that the sequence (2752 bp) consists Glycine -rich region ing region is conserved in the nuclear genes encoding several known RNA-binding proteins from tobacco, Arabidopsis and humans (Fig. 3A) . 5>11~14 Although certain plant genes are known to contain introns in the 3' UTR, such introns have recently been reported in the two nuclear genes encoding chloroplast-localized RNA-binding proteins from N. plumbaginifolia, a species related to N. sylvestris (Fig. 3B) .
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12 ' 15 These observations imply a close evolutionary relationship between chloroplast-and nuclear-localized RNA-binding proteins in plant cells.
The 5' upstream region of the RZ-1 gene contains a TATA-box-like sequence (TATAAT; positions -146 to -141), and therefore transcription may start at around position -130. Attempts to determine the transcription initiation site were unsuccessful due to the low transcript level. A notable feature is a C-cluster of 14 residues (positions -52 to -65) located 52 upstream from the start codon. No typical polyadenylation signal (AAUAAA) found in mammalian and yeast genes is present in the 3' UTR, which is compatible with that reported in most other plant genes. 16 There seems to be an additional reading frame further downstream (positions +2163 to), which is able to encode a polypeptide of 73 residues or more.
Expression of the RZ-1 gene
Excision of introns in 3' UTRs may be inefficient and the accumulation of unspliced mRNAs has often been reported.
15 > 17 > 18 To examine splicing of RZ-1 pre-mRNA, RT-PCR analysis was performed using total RNAs from N. sylvestris leaves and N. tabacum cultured BY-2 cells as templates (Fig. 4) . Expected spliced products from the first and second introns are 150 nt and 100 nt in length, respectively, and bands of these sizes were clearly detected in leaves and BY-2 cells. No bands corresponding to unspliced mRNAs (900 nt for the first intron and 200 nt for the second intron) were detected. Therefore, excision of both introns from RZ-1 pre-mRNA occurs efficiently in both green leaves and non-green cultured BY-2 cells.
As mentioned earlier, the transcript level of the RZ-1 gene is low, and we therefore examined its expression first by the ribonuclease protection assay, a method much more sensitive than Northern blot analysis, during the course of BY-2 cell growth (Fig. 5A) . The expected protected band (135 nt) from the spliced mRNA (with respect to the second intron) was strongly expressed on 2 days, indicating that mature RZ-1 mRNA is accumulated at a high level in the early log phase (Fig. 5B) . Bands (108 nt) corresponding to the pre-mRNA were not detected in all BY-2 cell growth phases examined, cornfirming efficient splicing of the pre-mRNA. We then carried out immunoblot analysis using anti-RZ-1 antibodies. As shown in Fig. 5C , accumulation of the RZ-1 protein increases with cell growth up to the middle log phase (3-4 days) and then declines sharply, while that of cp29B, a chloroplast-localized RNA-binding protein known to be expressed constiutively, is constant thoughout the growth period (Ohta et al. unpublished data) . The accumulation of RZ-1 preceded by that of its mRNA suggests that expression of the RZ-1 gene is primarily controlled at the level of transcription. These observations raise the possibility that RZ-1 is actively synthesized in rapidly dividing cells and is involved in the cell division process.
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